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(54) Shift control system/method for vehicle equipped with driveline retarder 

(57) A control system and method is provided for 
controlling shifting of a vehicular powertrain system (10) 
including an internal combustion engine (12) drivingly 
coupled to a mechanical change-gear transmission (14) 
having a transmission output shaft (22) drivingly cou- 
pled to vehicular drive wheels (26) and having a drive- 
line retarder (52) associated therewith. To prevent 
undesirable vehicle acceleration during shift transients 
occurring when the vehicle is traveling down a grade, 
input signals indicative of engine torque (TORQUE^ 
and vehicle acceleration (dOS/dt) are sensed and, if 
engine torque is negative (TORQUE E < REF^ and vehi- 
cle acceleration is positive (dOS/dt > REF 2 ), the 
retarder is caused to apply an increased level of retard- 
ing torque to the vehicle drive wheels. 
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Description 

BACKGROUND QF THE INVENTION 

Held of the Invention 

The present invention relates to a shift control sys- 
tem/method for shifting a fully or partially automated 
mechanical transmission in a vehicle equipped with a 
driveiine retarder located interposed between the 
clutches of the transmission and the vehicle final drive 
mechanism. In particular, the present invention relates 
to a shift control system/method of the type described 
for minimizing or eliminating the tendency of such vehi- 
cles to undesirably accelerate during a shift transient if 
shifting on a downgrade. 

Description of the Prior Art 

Mechanical change-gear vehicular transmissions 
which utilize positive jaw clutches, of both synchronized 
and non-synchronized types, to selectively engage and 
disengage target gear ratios are well known in the prior 
art, as may be seen by reference to U.S. Patents No. 
3,105,395; 3,799,022; 4,754,665; 5,086,897; 5,285,694 
and 5,370,013, the disclosures of which are incorpo- 
rated herein by reference. 

Vehicular fully or partially automated mechanical 
transmission systems also are well known in the prior 
art, as may be seen by reference to U.S. Patents No. 
4,361,060; 4,595,986; 4,648,290; 4,736,109; 5,335,566 
and 5,415,604, the disclosures of which are incorpo- 
rated herein by reference. 

While widely used and highly commercially suc- 
cessful, a potential drawback of mechanical transmis- 
sions is that at least a momentary torque break will 
occur during manual and/or automatic shift transients 
as the jaw clutches are disengaged and then engaged 
and/or as the master friction clutch and/or a torque con- 
verter disconnect clutch is disengaged and then reen- 
gaged. If a shift into a target gear ratio is attempted on 
a downgrade, especially a steep downgrade, and the 
vehicle gains speed during the torque break portion of 
the shift transient, this can be somewhat annoying 
and/or disconcerting to a vehicle operator 

S UMMARY Q F THE INVENTI O N 

In accordance with the present invention, the draw- 
backs of the prior art are minimized by the provision of 
an automated mechanical control system/method, for a 
vehicle equipped with a driveiine retarder located down- 
stream of the transmission clutches, which will minimize 
undesirable vehicle acceleration during downgrade shift 
transients. The foregoing is accomplished by sensing 
an actual or impending initiation of a shift operation at 
negative engine torque conditions and, in response 
thereto, applying or increasing the retarding effect of the 
retarder. Thereafter, vehicle speed during the shift tran- 



sient is sensed and, assuming continuing negative 
engine torque conditions, the retarding effect of the 
retarder is increased and decreased, respectively, in 
response to sensed vehicle acceleration or decelera- 

5 tion, respectively. Upon completion of the shift, the 
retarder is returned to its initial level of retarding effort. 

Accordingly, it is an object of the present invention 
to provide a new and improved control for an automated 
mechanical transmission system utilized in a vehicle 

10 equipped with a driveiine retarder. 

This and other objects and advantages of the 
present invention will become apparent from a reading 
of the detailed description of the preferred embodiment 
taken in connection with the drawings. 

15 

PRIEF PESCRIPTIQN OF THE DRAWINGS 

Fig. 1 is a schematic illustration of a vehicular pow- 
ertrain of the type utilizing the shift control sys- 
20 tern/method of the present invention. 

Figs. 2A and 2B are schematic representations, in 
flow chart format, of the shift control system/method of 
the present invention. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENT 

Certain terminology will be used in the following 
description of the preferred embodiment for conven- 
ience and reference only and will not be limiting. The 

30 term "mechanical transmission" refers to a change-gear 
vehicular transmission of the type utilizing positive 
clutches (such as jaw clutches) to selectively engage 
and disengage gears and shafts to other gears and 
shafts. Such transmissions, utilizing both synchronized 

35 and non-synchronized jaw dutches, are well known in 
the prior art, as may be seen by reference to aforemen- 
tioned U.S. Patents No. 3.105,395; 3.799,022; 
4,754,665; 5,086,897; 5,285.694 and 5,370,013. The 
term "driveiine retarder" refers to a selectively actuata- 

40 ble device for applying a retarding force or torque, usu- 
ally a selectively variable retarding force or torque, to 
the final drive elements of a vehicle. Such devices are 
mounted interposed between the transmission jaw 
clutches and the vehicle drive wheels such that disen- 

45 gagement of the vehicle master clutch and/or causing 
the transmission to be shifted to neutral will not interrupt 
the retarder retardation of the vehicle final drive ele- 
ments. Driveiine retarders may be of the hydrodynamic 
type, the friction type or the like. The vehicle brake sys- 

so terns also may be utilized to provide a driveiine retarder 
function. Said terminology will include the words above 
specifically mentioned, derivatives thereof and words of 
similar import. 

A vehicular powertrain 10 of the type advanta- 

55 geously utilizing the shift control method/system of the 
present invention may be seen by reference to Fig. 1. 
The vehicular powertrain system includes a fuel-control- 
led engine 12 (such as a diesel engine or the like) which 
is drivingly connected to a change-gear transmission 14 
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by means of a selectively engageable and disengagea- 
ble non-positive coupling 16 (such as a master clutch or 
the like). The engine 12 includes an output shaft or 
crankshaft 18 which may be selectively, drivingly 
engaged and disengaged from a transmission input $ 
shaft 20 by means of the non-positive coupling 16. The 
transmission input shaft 20 is selectively, drivingly cou- 
pled to the transmission output shaft 22 by means of 
transmission gear, shafts and positive clutches, as is 
well known in the prior art. The transmission output w 
shaft 22 is coupled to a vehicular final drive assembly 24 
(such as a rear drive axle or transfer case) for providing 
driving torque to the vehicular drive wheels 26. Typically, 
a drive shaft 22A is connected by universal joints or the 
like to transmission output shaft 22 and the drive axle 75 
24. Vehicle final drive mechanisms such as rear drive 
axles, front steer axles, power dividers and transfer 
cases are well known in the prior art, as may be seen by 
reference to U.S. Patents No. 3,929,200; 4,018,097 and 
4,050,328, the disclosures of which are incorporated 20 
herein by reference. 

The powertrain 10 additionally includes a driveline 
retarder 28 for applying a retarding torque to the vehicle 
drive wheels 26. As may be seen, the retarder 28 is 
located in the drivetrain interposed the transmission 25 
clutches and the vehicle drive wheels such that disen- 
gagement of the master clutch 16 and/or transmission 
14 will not interrupt the retarding torque applied to the 
drive wheels 26 by the retarder 28. The use of such 
driveline retarders, especially for passenger-carrying 30 
vehicles such as buses, is encouraged and/or recom- 
mended by the laws and regulations of various coun- 
tries of the world such as, for example, ED Directive 
EEC/71/320. The retarder 28 is typically of a hydrody- 
namic or a friction plate construction and is intended to 35 
act as a supplement to the vehicle foundation brakes. 
The Voith R115 Retarder and the TELMA Inline 
Retarder are examples of such retarders. Alternatively, 
the vehicle foundation brake system may be utilized to 
provide a retarding force to the vehicle independent of 40 
the vehicle operator's operation of his brake treadle 
pedal. 

The vehicular powertrain system 10 illustrated in 
Fig. 1 includes an electronic control unit 30 which pref- 
erably is microprocessor-based and includes means for 4s 
receiving input signals 32 and for processing same 
according to predetermined logic rules to issue com- 
mand output signals 34 to various system actuators. 
Control units of this type are well known in the prior art 
and may be appreciated in greater detail by reference to so 
aforementioned U.S. Patent No. 4,595,986. The central 
processing unit 30 receives input signals 32 from a 
throttle position sensor 36, an engine speed sensor 38, 
an input shaft speed sensor 40, and an output shaft 
rotational speed sensor 42. The controller 30 also ss 
receives information from an engine controller 46, pref- 
erably over an electronic data link DL of the type con- 
forming to one or more industry-established 
communication protocols, such as SAE J-1922, SAE J- 



1939 and/or IS0 1 1898. The controller 30 is effective to 
process the input signals and/or stored information 
according to predetermined logic rules, such as a com- 
puter program product stored on a computer-usable 
medium, such as a floppy disk, hard drive, CD-ROM, 
tape or other internal or external storage medium, and 
to issue command output signals 34 to the various sys- 
tem actuators, such as the engine controller 46, a clutch 
controller 48, a transmission operator 50 or a retarder 
operator 52. As may be seen, the various system actu- 
ators also may provide input signals back to the control- 
ler 30 indicative of the states of operation thereof. 

Retarder 52, preferably, is capable of operating at 
one or more levels of retardation ranging from an inac- 
tive state (where little or no retarding torque is applied to 
the drive wheels 26) progressively to a maximum state 
of applying retarding torque to the drive wheels 26. 
Alternatively, the retarder may be capable of providing a 
continuously variable level of retarding torque. 

As previously indicated, in automated mechanical 
transmission systems of the type illustrated, if a shift 
into a target gear ratio (GRj) is attempted with the vehi- 
cle descending a relatively steep grade, during the 
period of time during which the master clutch 16 is dis- 
engaged and/or the transmission 14 is disengaged 
and/or in neutral, the vehicle will tend to accelerate, 
which may be objectionable and/or disconcerting to the 
vehicle operator. To minimize or eliminate this draw- 
back, the control method/system of the present inven- 
tion utilizes the vehicle retarder 28 to provide a retarding 
torque to the vehicle drive wheels in operating condi- 
tions predetermined to be indicative of vehicle operating 
conditions under which vehicle acceleration will be 
objectionable. 

The control system/method of the present invention 
is schematically illustrated, in flow chart format, in Figs. 
2A and 2B. Upon determination that a shift into a target 
gear ratio is required, it is determined if the engine 
torque at the engine crankshaft 18 is positive or nega- 
tive. If the engine torque at crankshaft 18 is negative 
(TORQUE E < REFj), this is indicative that the vehicle is 
coasting and that the drive wheels 26 are driving the 
engine 12 through the transmission 14 and clutch 16. 
Such conditions are indicative of the possibility of the 
vehicle descending a grade. Preferably, the vehicle will 
be equipped with an electronic data link DL which will 
carry information relative to the current torque output of 
the engine 12. Alternatively, a zero throttle position may 
be taken as an indication of a negative engine output 
torque. As a further alternative, a separate engine out- 
put toque sensor (not shown) may be utilized to provide 
a signal indicative of engine output toque to the control- 
ler 30. 

If it is determined that the engine toque is negative 
at the initiation of a shift, the retarder will be caused to 
apply an increased level of retardation prior to or at initi- 
ation of a transmission shift. Typically, such a transmis- 
sion shift will include a disengagement of the master 
clutch 16 for purposes of disengaging a currently 
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engaged gear ratio and/a for engaging the target gear 
ratio upon achievement of synchronization. Alterna- 
tively, it is known that some transmissions may be 
shifted without requiring disengagement of the master 
clutch, as is seen by reference to aforementioned U.S. 5 
Patent No. 5,335,566. Preferably, the retarder is caused 
to increase its retardation level prior to initiation of a shift 
into the target gear ratio with a lead time determined as 
a function of the relatively slow reaction time associated 
with retarders, as compared to master clutches and 70 
other transmission devices. 

Upon initiation of the shift into the target gear ratio, 
an input signal, preferably the rotational speed of the 
output shaft, is sensed and differentiated with respect to 
time to monitor the acceleration (dOS/dt) of the vehicle, is 
If the vehicle ground speed remains substantially con- 
stant, the retarder is maintained at its current level of 
retardation. If the vehicle is sensed to be accelerating 
(dOS/dt > REF 2 ). the retarder is caused to increase its 
level of retardation, and if the vehicle is sensed to be 20 
decelerating (dOS/dt < REF 3 ), the retarder is caused 
to decrease its level of retardation. If the retarder is 
applying a maximum or minimum level of retarding 
torque, respectively, increasing or decreasing the level 
of retarding torque, respectively, will comprise maintain- 25 
ing that maximum or minimum level, respectively. This 
activity is continued until such time as the target gear 
ratio is engaged or the engine torque becomes positive. 
At such time, the retarder is reset to its initial level of 
retardation prior to initiation of the shift into the target 30 
gear ratio. 

Accordingly, it may be seen that a shift control is 
provided for a vehicular powertrain 1 0 including an auto- 
mated mechanical transmission system and utilized in a 
vehicle having a driveline retarder which will minimize 35 
the tendency for the vehicle to undesirably accelerate 
during a shift transient while traveling down an incline. 

Although the preferred embodiment of the present 
invention has been described with a certain degree of 
particularity, various changes to form and detail may be 40 
made without departing from the spirit and scope of the 
invention as hereinafter claimed. 

Claims 

45 

1. A method for controlling shifting of an automated 
vehicular powertrain system (10) comprising a fuel- 
controlled engine (12) drivingly coupled to a multi- 
ple-speed mechanical transmission (14) having an 
output shaft (22) drivingly coupled to vehicular drive so 
wheels (26), a driveline retarder (28) effective to 
apply a selective level of retarding torque to said 
drive wheels, and a control unit (30) for receiving 
input signals (32) including an input signal indica- 
tive of engine torque and an input signal indicative ss 
of vehicle acceleration and for processing same in 
accordance with predetermined logic rules to issue 
command output signals (34) to system actuators 
including a transmission actuator (50) and a 



retarder actuator (52), said method characterized 
by: 

during a shift of said transmission into a target 
gear ratio (GR T ), if engine torque is determined 
to be less than a first predetermined reference 
value (TORQUE E < REF«j) and vehicle acceler- 
ation is greater than a second reference value 
(dOS/dt > REF 2 ), causing the retarder to 
apply increased retarding torque to said drive 
wheels. 

2. The method of claim 1 wherein, during a shift into 
said target gear ratio, if engine torque is less than 
said first reference value and vehicle acceleration is 
greater than a third reference value 
(dOS/dt < REF 3 ), causing the retarder to apply a 
decreased retarding torque to said drive wheels. 

3. The method of claim 1 further comprising memoriz- 
ing the initial level of retarding torque applied by 
said retarder at the time of initiation of a shift into 
said target gear ratio and, upon completion of a 
shift into said target gear ratio, causing said 
retarder to apply said initial level of retarding torque 
to said drive wheels. 

4. The method of claim 2 further comprising memoriz- 
ing the initial level of retarding torque applied by 
said retarder at the time of initiation of a shift into 
said target gear ratio and, upon completion of a 
shift into said target gear ratio, causing said 
retarder to apply said initial level of retarding torque 
to said drive wheels. 

5. The method of claim 1 additionally comprising, prior 
to initiation of a shift into a target gear ratio, if 
engine torque is less than said first reference value 
and vehicle acceleration is greater than said sec- 
ond reference value, causing said retarder to apply 
an increased level of retarding torque to said drive 
wheels prior to initiation of said shift into said target 
gear ratio. 

6. The method of claim 2 additionally comprising, prior 
to initiation of a shift into a target gear ratio, if 
engine torque is less than said first reference value 
and vehicle acceleration is greater than said sec- 
ond reference value, causing said retarder to apply 
an increased level of retarding torque to said drive 
wheels prior to initiation of said shift into said target 
gear ratio. 

7. The method of claims 1 , 2, 3, 4, 5 or 6 wherein said 
vehicle is provided with an electronic data link (OL) 
carrying data indicative of engine torque. 

8. The method of claims 1 , 2, 3, 4, 5 or 6 wherein said 
vehicle is provided with a sensor (36) for providing 
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a signal indicative of operator displacement of a 
fuel throttle control device, the magnitude of said 
signal being taken as an indication of the current 
engine torque. 

5 

9. The method of claims 1 , 2, 3, 4, 5 or 6 wherein said 
first reference value (REF^ is equal to approxi- 
mately zero torque. 

10. The method of claims 1 , 2, 3, 4, 5 or 6 wherein said 10 
second reference value (REF2) and said third refer- 
ence value (REF 3 ) are substantially equal and are 
substantially equal to zero vehicle acceleration. 

1 1 . The method of claims 1 , 2, 3, 4, 5 or 6 wherein said 15 
driveline retarder acts directly on said transmission 
output shaft. 

12. The method of claims 1 , 2, 3, 4, 5 or 6 wherein said 
driveline retarder acts directly on a shaft (22A) fixed 20 
for rotation with said transmission output shaft. 

13. A control system for controlling shifting of an auto- 
mated vehicular powertrain system (10) comprising 

a fuel-controlled engine (12) drivingly coupled to a 25 
multiple-speed mechanical transmission (14) hav- 
ing an output shaft (22) drivingly coupled to vehicu- 
lar drive wheels (26), a driveline retarder (28) 
effective to apply a selective level of retarding 
torque to said drive wheels, and a control unit (30) 30 
for receiving input signals (32) including an input 
signal indicative of engine torque and an input sig- 
nal indicative of vehicle acceleration and for 
processing same in accordance with predeter- 
mined logic rules to issue command output signals 35 
(34) to system actuators including a transmission 
actuator (50) and a retarder actuator (52), said con- 
trol system characterized by said control unit oper- 
ating under logic rules for: 

40 

during a shift of said transmission into a target 
gear ratio (GR T ), if engine torque is determined 
to be less than a first predetermined reference 
value and vehicle acceleration is greater than a 
second reference value, causing the retarder to 45 
apply increased retarding torque to said drive 
wheels. 

14. The control system of claim 13 wherein said logic 
rules are additionally effective, during a shift into so 
said target gear ratio, if engine torque is less than 
said first reference value and vehicle acceleration is 
greater than a third reference value, for causing the 
retarder to apply a decreased retarding torque to 
said drive wheels. 55 

15. The control system of claim 13 wherein said logic 
rules are additionally effective for memorizing the 
initial level of retarding torque applied by said 



retarder at the time of initiation of a shift into said 
target gear ratio and, upon conpletion of a shift into 
said target gear ratio, for causing said retarder to 
apply said initial level of retarding torque to said 
drive wheels. 

16. The control system of claim 14 wherein said logic 
rules are additionally effective for memorizing the 
initial level of retarding torque applied by said 
retarder at the time of initiation of a shift into said 
target gear ratio and, upon completion of a shift into 
said target gear ratio, causing said retarder to apply 
said initial level of retarding torque to said drive 
wheels. 

17. The control system of claim 13 wherein said logic 
rules are additionally effective, prior to initiation of a 
shift into a target gear ratio, if engine torque is less 
than said first reference value and vehicle accelera- 
tion is greater than said second reference value, for 
causing said retarder to apply an increased level of 
retarding torque to said drive wheels prior to initia- 
tion of said shift into said target gear ratio. 

18. The control system of claim 14 wherein said logic 
rules are additionally effective, prior to initiation of a 
shift into a target gear ratio, if engine torque is less 
than said first reference value and vehicle accelera- 
tion is greater than said second reference value, for 
causing said retarder to apply an increased level of 
retarding torque to said drive wheels prior to initia- 
tion of said shift into said target gear ratio. 

19. The control system of claims 13, 14, 15, 16, 17 or 
18 wherein said vehicle is provided with an elec- 
tronic data link (DL) carrying data indicative of 
engine torque. 

20. The control system of claims 13, 14, 15, 16, 17 or 
18 wherein said vehicle is provided with a sensor 
for providing a signal indicative of operator dis- 
placement of a fuel throttle control device, the mag- 
nitude of said signal being taken as an indication of 
the current engine torque. 

21. The control system of claims 13, 14, 15, 16, 17 or 
18 wherein said first reference value is equal to 
approximately zero torque. 

22. The control system of claims 13, 14, 15, 16, 17 or 
18 wherein said second reference value and said 
third reference value are substantially equal and 
are substantially equal to zero vehicle acceleration. 

23. The control system of claims 13, 14, 15, 16, 17 or 
18 wherein said driveline retarder acts directly on a 
shaft fixed for rotation with said transmission output 
shaft. 
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24. A computer program product for use with a compu- 
ter-based onboard control unit for controlling shift- 
ing of an automated vehicular powertrain system 
comprising a fuel-controlled engine drivingiy cou- 
pled to a multiple-speed mechanical transmission 5 
having an output shaft drivingiy coupled to vehicu- 
lar drive wheels, and a driveline retarder effective to 
apply a selective level of retarding torque to said 
drive wheels, said control unit having means for 
receiving input signals including an input signal w 
indicative of engine torque and an input signal 
indicative of vehicle acceleration and for processing 
same in accordance with predetermined logic rules 
defined by said computer program product to issue 
command output signals to system actuators 15 
including a transmission actuator and a retarder 
actuator, said computer program product stored on 
a computer-usable medium and characterized by 
defining logic rules for: 

20 

causing a determination of engine torque and 
vehicle acceleration; and 
during a shift of said transmission into a target 
gear ratio (GR T ), if engine torque is determined 
to be less than a first predetermined reference 25 
value (TORQUE E < REF-,) and vehicle acceler- 
ation is greater than a second reference value 
(dOS/dt > REF 2 ), causing the retarder to 
apply increased retarding torque to said drive 
wheels. 30 



ation of a shift into a target gear ratio, if engine 
torque is less than said first reference value and 
vehicle acceleration is greater than said second ref- 
erence value, said retarder to apply an increased 
level of retarding torque to said drive wheels prior to 
initiation of said shift into said target gear ratio. 

29. The computer program product of claim 25 addi- 
tionally defining logic rules for causing, prior to initi- 
ation of a shift into a target gear ratio, if engine 
torque is less than said first reference value and 
vehicle acceleration is greater than said second ref- 
erence value, said retarder to apply an increased 
level of retarding torque to said drive wheels prior to 
initiation of said shift into said target gear ratio. 



25. The computer program product of claim 24 addi- 
tionally defining logic rules for causing, during a 
shift into said target gear ratio, if engine torque is 
less than said first reference value and vehicle 35 
acceleration is greater than a third reference value 
(dOS/dt < REF 3 ), the retarder to apply a 
decreased retarding torque to said drive wheels. 



26. The computer program product of claim 24 addi- 40 
tionally defining logic rules for causing memorizing 
of the initial level of retarding torque applied by said 
retarder at the time of initiation of a shift into said 
target gear ratio and, upon completion of a shift into 
said target gear ratio, causing said retarder to apply 45 
said initial level of retarding torque to said drive 
wheels. 



27. The computer program product of claim 24 addi- 
tionally defining logic rules for causing memorizing so 
of the initial level of retarding torque applied by said 
retarder at the time of initiation of a shift into said 
target gear ratio and, upon completion of a shift into 
said target gear ratio, causing said retarder to apply 
said initial level of retarding torque to said drive ss 
wheels. 



28. The computer program product of claim 24 addi- 
tionally defining logic rules for causing, prior to initi- 
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